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Our Opportunities “ & Challenges =)
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EUCLID CSST(CHINA)
Project Name HSC DES LSST Euclid WEIRST CSsS-OS
Starting Time 2014 2013 2022 2020 2025 ~2022
Survey Area | 1400deg’ | 5000deg” | 18000deg” | 15000deg” | 2700deg” |17500deg’
Galaxy Number ~0.1B ~0.3B ~ 2B ~ 1B ~0.3B ~ 1B
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ABSTRACT

The Kilo-Degree Survey (KiDS) has been used in several recent paper:
straints on the amplitude of the matter power spectrum and matter ¢
redshift. Some of these analyses have claimed tension with the Planc

og(

is consistent with other low redshift probes of the matter power spec (s
redshift space distortions and the combined galaxy-mass and galaxy-

for various cuts of the data at 2 3o significance. Until these interna
understood, we argue that it is premature to claim evidence for new
KiDS.
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A Different Approach
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In the presence of an isotropic Gaussian PSF
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The Fourier Quad Method
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JZ, Luo, Foucaud, 2015



Test Results

measured __ , input
9 = (1 +m1)g, + ¢

measured input
95 = (L+mg)gy ™" + ¢

/ Case 1 Case 2 Case ‘3\

SNR=20 m;(107°): -0.2+0.2 —02=+0.1 —0.08=+0.05
¢1(107°): —1.0£0.7 —-0.6+04  0.0=£0.2

SNR= 10 —0.6 £ 0.6 —-04+04 -0.1+0.1
—2.6 £ 2.1 —1.6+1.2 0.0£0.4
SNR=5 —2.24+23 —1.14+1.2 0.0 £0.2
—79+79 —4.6+4.1 0.1£0.8

SNR=20 my(103): —02+£0.2 —03+01 —0.3+0.05
c2(107°):1.4+0.7  1.1+04 0.3 +0.2

SNR= 10 —0.3+06 —04+04 —04+01
Cace 1 Cace Cace 3 3.7+21 26+1.2 0.6 + 0.4
ase ase ase SNR=5 —0.7+23 —00+12 —06+02

\ 10.6 £7.9 6.6 4.1 1ot oy

JZ et al., 2015




scherne philcsophy PSF?  sofiware  galaxy
Amalgam@ AP Masimum Inverse Ellipticity None 16 2 Yes Some 0118
likelihood variance penalty
BAMPenn Bayesian Implicit p(c) from Variable 2 - Yes Yes <1s
Fourier deep data shear
EPFL_ gfiv Maximum Constant +  None None 8 6 Yes Yes 138
likelihood rejection
CEA-EPFL Masimum Various None None 20 3 Yes Yes 1-3s
likelihood
CEA __denoise Moments Constant None None 8 - Yes No 0.03s
CMU Stacking Constant External Variable 2 N/A  Yes Some 0.038 s
experimenters simulations  shear
CoCs Masximum Constant External None 12 N/A  Yes Yes 1s
(rm3srAare) likelihood simulations
E-HOLICS Moments Constant  Extermal None 12 8 Yes No 13s
cacts ——
EPFL_HNN Neural Constant None None 7 - Yes Yes 23s
network
EPFL_KSB Moments Tnverse None None 4 - Yes No 0.001-0.002 s
variance
EPFL_MLP / Neural Constant None None 5 - Yes Yes 23s
EPFL_MLP_FIT network
FDNT Fourier Inverse External None 12 N/A  Yes Some ~18
moments varane sumulations
Fourier Quad Fourier Various None None 6 5 Yes No 0.001-0.002 8
B I
HSC/LSST-HSM Moments Inverse External None 4 N/A  Yes Some 005 s
variance simulations
MBI Bayesian Implict Inferred Variable 4 9 No Some 10s
hierarchical ple) shear, PSF
MaltaOx Partially Inverse Self- 3 7 Yes Some 0.06s
(LexskFrr) Bayesian variance calibration
MegaLLU'T Supervised Constant + Extermal None 16 4 Yes Some 0.02s
ML rejection simulations
MetaCalibration Moments Inverse Self- Variable 1 N/A Yes Yes 03s
Wentao  Luo Moments Inverse None 4 - Yes Yes 1-2s
variance
ess Bayesian Imphat p(c) from Variable 2 No Yes 1s
model-fitting deep data shear
sFIT Masimum Inverse External None 20 1 Yes Yes 08s

(iterative)

Mandelbaum et al. (2015)




Regarding the way of doing shear statistics

€1, €2, U
Conventional Form: g = >oier(i)w(z)
: > w(i)
— — ZZ_} €1 (2)61 (j)'u)(?)’u (.7)
T+7)) = .
(gl(T)gl(CC F)> ZZJ w(z)w(])
G1> GQ: N
New Form: - 2 Ga(i)
NTTING)
— - A\ Zz Gl(Z)Gl(j)
(1(Z) g1 (T + 7)) = ZZ_} N@HNG) | . .




Regarding the way of doing shear statistics

Order One Nonnegative

Conventional - yia(n)w(i)
Form: 91 = ;w(1)
— - sz €1(l)€1(j)11)(?)11‘(])
T+ = .
(gl(T)gl(T 7?)> ZZJ fu.z(z)'u'(]) 7,z

[Gl, Go. N] ~ 0% for faint sources

New Form: ~ 2iGa(9)
N TING)
o > G1(1)G1(g)
(91(7)91(7 + 7)) = ZZJ N(Z)N(7) 7




Approaching the C-R Bound in Shear Statistics

With PDF Symmetrization: Gi -8 Z-N

1400,

1200¢
1000p

a00F

&
K 600F

—8-004 -0.003 -0.002 -0.001 0.000 0.001 0.002 0.003 0.004
Gl

Method g1(—0.018)  ¢2(0.011)
Direct Averaging —0.017(2) 0.011(2)
PDF-SYM (2 bins) _—0.01798(3) _0.01100(2)
PDF-SYM (4 bins) —0.01799(2) 0.01102(2)
PDF-SYM (8 bins) —0.01800(2) 0.01101(2)

JZ, Zhang, Luo, 2017, ApJ, 834, 8



APPROACHING THE CRAMER-RAO BOUND IN WEAK LENSING
WITH PDF SYMMETRIZATION
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The results of signal recovery (input value is 0.01) for 107 data points of three types of PDF’s

Results:  Averaging PDF-SYM (2 bins) PDF-SYM (8 bins) PDF-SYM (16 bins) PDF-SYM (32 bins)
Py 0.0102(3)  0.0104(4) 0.0101(3) 0.0100(4) 0.0102(3)
P, 0.0099(3)  0.0101(2) 0.0101(2) 0.0100(2) 0.0101(2)
Ps 0.011(1 0.0099999998(2 0.0099999998(1 0.0099999998(1 0.0099999999 (2
Nro2: Averaging PDF-SYM (2 bins) PDF-SYM (8 bins) PDF-SYM (16 bins) PDF-SYM (32 bins)
Py 1.0 1.6 1.1 1.2 0.96
Py 0.99 0.61 0.52 0.50 0.57
\133 15 5x 10 13 2% 10 13 2x10 13 3x10 13 /

JZ, Zhang, Luo, 2017, ApJ, 834, 8



APPROACHING THE CRAMER-RAO BOUND IN WEAK LENSING
WITH PDF SYMMETRIZATION

-0.02 -0.01 A . 2 3 —-8.004 -0.003 -0.002 -0.001 0.000 0.001 0.002 0.003 0.004
- &
g1 = 0.02277, g2 = —0.01386
Results of (g1, g2]: 10° RW Galaxies 9 x 10* RW+10* Ring
Averaging 0.0226(6), —0.0130(6)]  [0.0231(6), —0.0132(6)]

PDF-SYM (8 bins 0.0225(7), —0.0129(6 0.02278(8), —0.01392(7

JZ, Zhang, Luo, 2017, ApJ, 834, 8



APPROACHING THE CRAMER-RAO BOUND IN WEAK LENSING
WITH PDF SYMMETRIZATION

The recovered shear-shear correlations. The inputs are (_qgl) g§2) ) =10"* and (g(xl) gg) )y =101,

Results of [(g} /g;”), (g% g57)](10~4) : Averaging PDF-SYM (8x8 bins)
4 x 107 RW Gal. Pairs [1.09(8), —1.00(8)]  [1.09(8), —1.01(9)]

4 x 107 Ring Gal. Pairs [1.05(7), —1.08(7)] [1.002(5), —1.002(5)]
4 x 10" Gal. Pairs with 90% RW and 10% Ring [1.09(8), —1.02(8)] [0.99(3), —1.00(3)]

1.6 x 10° Ring Gal. Pairs with noise and 10% stars [0.97(4), —1.05(4)] [1.000(3), —1.001(3)]

JZ, Zhang, Luo, 2017, ApJ, 834, 8



History of Fourier Quad

1. JZ, MNRAS, 383, 113 (2008) Correct for the PSF effect model-
independently;

2.J7Z, MNRAS, 403, 673 (2010) Remove the background noise contamination;
3.J7, JCAP, 11, 041 (2011) Clarify the impact of pixel size and high order terms;
4. J7., Komatsu, MNRAS, 414, 1047 (2011) The correct form of shear estimator;
5. JZ, Luo, Foucaud, JCAP, 01, 024 (2015) Correct for the Poisson noise;

6. JZ, Zhang, Luo, ApJ, 834, 8 (2017) A novel way of doing shear statistics to
approach the Cramer-Rao bound.
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Application on the CFHTLenS data
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S
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a
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Table 1. Characteristics of the final CFHTLenS co-added science data (see
the text for an explanation of the columns).
-6 - mOm2| mim2| [m2m2 ]
Filter expos. time [s]  myj,, [AB mag] seeing ["']
5-o lim. mag.
] L P .
in a 2’0 aperture
136 tad 132 W (wMPO301) 5% 600(3000) 2524017  08SZ0.11
RA (deg) ¢'(g.MP9401) 5 500(2500) 2558+0.15  0.82+0.10
W4 P'(r.MP9601) 4 x500(2000) 24.88+0.16  0.7240.00
! o ! i'(i.M P9701) 7 x 615(4305) 24.54+0.19 0.68 =0.11
y'(i.M P9702) 7 x 615(4305) 24.71£0.13 0.62 +=0.09
2’ (z.M P9801) 6 x 600 (3600) 23.46 =0.20 0.70 £0.12

Dec (deg)

* http://www.cfhtlens.org
* Erben et al (2012)

* Heymans et al (2012)

* Miller et al (2012)



Shear Measurement Pipeline Construction

i
Illl

Single Exposure

Source catalog

g
S

,,,,,,,,,,,,,,,,,,,,,,,,

Shear Catalog

2000

( We have developed an accurate shear measurement pipeline. Starting With\
almost raw CCD images (after flat-fielding correction), our code does
background removal, masking, astrometric calibration, cosmic ray
identification, source selection, PSF reconstruction, shear measurement, etc..
The overall speed is around 0.02 CPUesec/galaxy, which is about 100 times faster

Kthan typical model-fitting methods.

J




CCD Image (Input)

Reference Catalog (Input)

Background | Generate Bright
Removal, Mask Source Catalog
Creation, ltl

Generate Raw Astrometric

Source Catalog = | Get Source Catalog

i

Parameters, Field
Distortion

Get Star Catalog External Source Catalog (Input)

L

Shear Catalog (Output)

*1. route green: generate astrometric parameters;
*2. route red: generate shear catalog using internal source catalog;
*3. route blue: generate shear catalog using external source catalog.




Problems in Background Removal

THELI Processed Original Image We Processed



Accuracy of Astrometry

SCAMI
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Accuracy of Astrometry (with our code)




PSF Reconstruction ( Find Bright Stars , Build PSF )
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Test Shear Recovery with Field Distortion

QQQQIOOI0O0|I0O0|00|00O|0O|0 O
QAQQQI0O0|I00|0O0|0O0|I0O0O|0O|I0 O
QA0 O0I0OO00OO0|0O0|I0OO0O|C O
QOI0CO00O0I0O00O0|I0O0|I00OI0O|0 O
OQO|I0OI0O0I0O|I0OOI0OO0|I0O|0O0O
OQOI0OO0I0O0I0O0I0O|I0OO|I0O|IOO|IOO
OQOI0O0OI0OI0OI0O|I0O|IOO|IOOIOO
QOO0 I0O0I0OI0OIOOI0OIOO
OOI0O0OI0O0I0O0I0O|I0OO|I0O|IOOIOO
OO0O|I0O0I0O0I0OI0OI0OI0OICO
OO0O|I0O0OI0O0I0OI0OI0OI0OICO
OCQOI0OOI0O0|I0O00OO0I0O0I0OO0COI0O
OO0|I0OO0O0OO0I0OO0I0O0I0O|I0OO0|I00OICDO
OO00OOI0OO0|I0OO00OO0I0O0|I0O0|0O0ILT
Ool0OoOI0O0000O00O0O0I0QIV]
0010000000000 I0QICQIQ]

JZ et al., 2019 FD distribution on MegaCam, enlarged by 30 times.



qi(gal)

g-(gal)

Test Shear Recovery with Field Distortion

With our own source catalog With CFHTLenS source catalog

0.006 0.006 +

0.004+ 0.004 |

0.002+ 0.002 +

0.000 } S o000}
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JZ et al., 2019, Ap], 875, 48



Comparison with Lensfit

Number of Sources

14000 .
Il Both
Lensfit Only
I Fourier Quad Only
12000} None
10000 |
8000 |
6000 |-
4000 |
2000 -
0
18 19 20 21 22 23 24 25 26 27

Mag;



Shear-Shear Tomography
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Shear-Shear Tomography (preliminary)
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Using BASS data to
measure cosmic shear




Regarding Image Quality

CFHTLenS Exposure BASS Exposure




Field Distortion Test with BASS Data
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credit: Chunxiang Wang (NAOC)



Outline:

m Concerns



Outline:

m Concerns

1. Pixelisation Effect;
». PSF Reconstruction;
3. Deblending, Selection Bias;

4. CCD Eftect ( CTI, Brighter Fatter, Small
Scale Flat-Field Correction )

5. Astrometric Calibration

6. Survey Strategy ( Stellar density, Targets of
interests, Synergy between CSST and Euclid )



Pixelisation Effect

Image source: internet



From Zuhui's Earlier Talk

e Briefintroduction of CSS-OS

CSS-0S is designed to be a survey telescope orbiting in line

with the Chinese Space Station. The specifications are as follows

/site Launch/op

CSS 05 ~2024 1.1 25 17500 2551000

Euclid 0.56 >0.2 0.6 550—920 1

N
1.2m = 20z 0.55 pix Imt 0.07 L2080 1000—2000 3 Y
LA L2 ? 0.28 >0.2 0.3 2400 927—2000 4 Y
2.4m
LSST .
3.4m Chile 2022 9.6 ~0.7 3.2 18000 320—1050 6 N

Off-axis design :
suppress the spikes

HST Euclid



Pixelisation Effect

Relative Deviation
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Pixelisation Effect

Relative Deviation

1.05

0.9 0.95

0.85

Equivalent to Whittaker - Shannon (sinc) interpolation
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Dithering, MultiDrizzle

Al
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Fine output grid
. . .
|y NIy
Coarse input pixel grid klk./ !:7
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A. M. Koekemoer, A. S. Fruchter, R. Hook, W. Hack, 2002 HST Calibration Workshop, 337



Dithering: non-flat noise PS

COSMOS

@ (+2.5, +184.5) pixels

(-2.5.+123.0) pixels ® / Pattern_Spacing = 3.08553”
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Source: Koekemoer et al. 2007 Non-flat noise power spectrum



Dithering: non-flat noise PS
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Final Form of the Shear Estimator
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Test Result

> ASUTE ; t
g;nca., ured _ (1 + ’n])g;npu + e

input

g‘r)n(f'a.s‘ur(:'d — (l + 7712).(]-2 + ¢y

J L

Case 3

Case 1 Case 2 Case 3
SNR=20 m;(107°):09+0.1 09+0.08 0.9=+0.04
c1(107°):05+04 0.6+03 0.9=+0.1
SNR= 10 0.8 +0.4 09+02 0.9+0.08
0.6 +1.3 05+07 0.8+0.3
SNR= 5 0.7+1.3 0.8+0.7 08+0.2
2.1+4.6 0.8+24 0.5+0.6
SNR=20 mo(107%):1.1£0.1 1.0+0.08 1.0+=0.05
c2(107%): =294+ 04 —29+03 —28+0.1
SNR= 10 1.3+04 12402 0.9+0.08
—2.7+1.3 —28+0.7 —-27+0.3
SNR=5 1.8+1.3 1.5+0.7 0.9+0.2
—1.9+45 —26+24 —26=+0.6

JZ, Luo, Foucaud, 2013



Moffat

Airy Disk

Pixelisation Effect

psf_scale = 0.6

psf_scale = 1.0

psf_scale = 1.8

PSF Images

Moffat

Airy Disk

psf_scale = 0.6

psf_scale = 1.0 psf_scale = 1.8

Galaxy Images

Work of Zhi Shen (JL&)



multiplicative bais

Pixelisation Effect (Some good news)
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Survey Strategy: No. of Expo per Field

CSSTEMEAFAE R KA @, RS B AR afepRs 2 I BESC I K]
BRI A RO RAFEM R =B, - BAEF B AESS 5] J1i3E 5 1
EHAEAERERNRGIRE, £— P EEN R, HAJCSSTH K
T EREROR XA [F]— P B BB IR Eoe Ik, R R AL 4
MultiDrizzle )T iEHTEUR A G, BCIREEAE R (BDFENY
K » XBEFEREBALERPEGESMEE. 5—Fal ek 2&imt
B AR AN = B UME 5. IXERTER— ML S T LA Z a2 1)
Bz, MIn] DAE 2 ik RORFE EME B TECE I E REEARE . X8
TR E ZLensTit, HEf O &8 72 W H T CFHTLenSAIKiDS 2530 H .
Tt T BRIt 2R HECA R RS, X B A esH R
7O e 38 ok AR B R A o AR R 6 o IR Tl il 75 2 3 e A UL K
NPT GRTVERM, FTEFFTE— S LR R REAE
A X 0 e P T R B s, DA DG R R B B R TR 55375 5 )
I R e B 22



CCD Effects

TECCDJZTH], SMaE 4 o) sl AN (Charge Transfer
Inefficiency, Brighter Fatter Effect, Ghost) XTEME 24 2%
VERISZm, XTETYME S EE iR ZE .. EICTI S ECCDRIME S & i T M)
R RAEERGHRN—&EE (HAREMEMAELR , EREGBRH R
VLA o W FCIZREN FAE 1E 75 B8 e 44 MR AT ik i CCD Y 2R AU I 1k g
Cheamme i /Ny, A HAEREBERS TR 0284k, AR A4 K%, SR )G
o 6 7E 18 R B A [R) B 122 38008 18 1E AT DLIS 2 ) S OE R RS B o FE IR
PG HA, BTCCDMERER TR, B LR RIS E BTG 5 W 2 R ECE
FERTBEdRZD, X T8 E PR s 75 2E B4t 1. 2T Brighter
Fatter Effect (EJETCCDEE WM EH HArTiash i HEF1ERD
DL M Ghost GEEJETEHm £ AH BL52m) , #R 75 L A4 L sE i CCD RS
S FEAE L TR .

FLN, TEREFEEG L, 528 28 DU e AR S B 1) B 1) b A i SRR
MG _ERE. T RERIMBLE R 45 A AN ARG, H 2R AR BRI,



Charge transfer inefficiency due to radiation damage

All electronics gradually degrade in space, as they are
bombarded with high energy radiation. This manifests
itself in CCD detectors used in cameras via the generation
of “charge trap” defects within the silicon lattice.
During detector readout, electrons (the photoelectrons
created when light falls on the detector) are temporarily
captured and held in place. When these electrons are
subsequently released, the rest of the image has moved
closer to the readout register, so they form trails behind
objects. The net effect is known as “Charge Transfer
Inefficiency” (CTI). Fortunately, by modelling the process
of readout and trapping, it is possible to reverse the
effect, and move the electrons back to where they belong.
Because the readout is the final process preformed in
space, this correction should be the first analysis step

performed on the ground. - Massey



Concerns ( mainly about image processing )
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